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ABSTRACT
»
A brief review of experimental procedures, including test I

methods, apparatus, sample preparation, and testing is presented
for reference purposes,

Cumulative stress corrosion test data for the various bent
beam and U-bend tests on high strength missile alloys are given.
Included are bent beam data for D6Ac, Vascojet 1000, AM355, PH15-7
Mo, B120VCA, and 4137 Co and U-bend data for 300M, AM355, PHI15-7
Mo, Bl120VCA, 4137 Co, Ardefiorm 301, and U-modified 4137 Co.

While testing is not as yet complete and has not progressed
to a sufficient degree in all cases for adequate surmmation, the low
alloy steels 4137 Co, 300M, and Vascojet 1000 are definitely susceptible
to stress corrosion in varying degree. The AM355, PHI15-7 Mo,
B120VCA, and Ardeform 301 alloys are not susceptible, regardless
of strength level of exposure.

Alloy modification of the 4137 Co with uranium has very

markedly decreased the stress corrosion susceptibility of this alloy, L ¥

ii
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I. INTRODUCTION

The project work described herein represents a portion of
a grant made available by the Army to promote a general scientific
advancement in the area of case materials for missiles. This specific
project is concerned with the synthetic environment stress corrosion
testing of specified high strength steels and alloys. The research
objectives of the project were presented in Report No. 1.

Natural environmental tests on high strength steels and
alloys are being conducted by Aerojet General Corporation, with
actual production environments and rocket propellant environments
being utilized., By prior mutual agreement, the same steel and alloy
sheet material will be used for both projects and possible heat treat-
ment variations will be circumvented by exchanging heat treated
material whenever possible.

For the tests described herein, bent beam and U-bend
sample + were cut and machined from available sheet material and
subjected to stress corrosion testing in five selected synthetic environ-
ments in the laboratory.

This report presents further information on continuing
U-bend and bent beam tests for the assigned alloys, and for Rocoloy

270, 4137 Co, and Ardeform 301 missile steels.



Ii. EXPERIMENTAL PROCEDURES

Test Methods

A discussion of the U-bend and bent beam test methods ,
together with an outline of the synthetic stress corrosion test environ-
ments used in performing the research are given in the July, 1960,
Monthly Scientific Report, Report No. 1.
All recently-exposed (and future) samples being subjected
to stress corrosion testing are being weighed prior to exposure to the
test solutions to provide, whenever possible, general corrosion

information.

AEEaratus

Schematic drawings of bent beam sample holders, the
U-bend test l.molders, a sample bending device for bent beam specimens,
and a stress corrosion test tank were presented in Report Nos. 1 and 3,
Polyethylene containers are presently being used for the
stress corrosion exposure of U-bend specimens to the various synthetic
environments. KEach container will adequately hold six U-bend specimens.
The use of these containers will supplement the sample testing-presently
being conducted in epoxy-coated tanks, Bent beam specimens are being

tested in heavy glass dishes and epoxy-coated metal tanks.



3.
Construction of shelving and an aeration system (Report
No. 6) together with other pertinent items has facilitated (wherever
feasible) the transfer of some samples under test from the glass con-
tainers to the epoxy-coated test tanks, The completed facility is

illustrated in Report No. 7.

Alloy Sample Material

The alloys being used in the study on stress corrosion
include:

1. Low Alloy: Ladish D6Ac

2. Si-Modified 4300 Series: 300M.

3. Hot-Worked Die Steel: Vascojet 1000,

4, Cold-Worked PH Steel: AM355,

5. Heat-Treated PH Steel: PHI5-7Mo.

6. Titanium Alloy: BI20VCA.,

7. Low Alloy-Cobalt Modified: 4137 Co.

8. Low Alloy-Cobalt Modified: Rocoloy 270.

9. Stretch-Formed 17/7 Stainless Steel: Ardeform:30l.

10, Low Alloy-Co and U-Modified: 4137 Co.

All of the sample material is being tested in ;heet form
and was procured as such.

Chemical analyses for the above listed alloys and for the

comparative heats are given in their entirety in Table I in Report
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No. 13. Physical properties and heat treating surveys for the alloys

were presented in Report No. 12,

Sample Preparation

Sheet material of the various alloys was sheared into
slightly over-size U-bend, bent bear, and tensile specimens in both
the primary (direction of lowest Y.S.) and secondary directions.
The specimens were then wet-ground to width, length, and thickness
(if necessary). Sample thickness was maintained between 30 and 50
mils, and as close to 50 mils as possible,
After heat treatment surveys were conducted (see Report
No. 12) to determine the Y.S., variation with tempering temperature
for each alloy (not necessary for AM355), the specimens were heat
treated to strength levels approximating 200, 220, 240 Kpsi and
maximum Y.S. Heat treating of the BI2OVCA alloy consisted of
aging in an inert atmosphere (see Report No. 12).
All the surfaces except the ends of the heat treated specimens
were then polished with emery paper to remov > oxide films, the final
polish being administered with 240-grit emery. Care was taken to
assure a uniformly square edge on the specimens. A tendency of the .’:;
D6Avc. V-1000, and 300M specimens to decarburize was circumvented
by carefully wet-grinding the surfaces of the heat-treated samplels an

additional 5 mils per surface.
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5.
Tensile and metallographic samples were also cut from the
alloy sheet material for the determination of as-received and heat-

treated physical properties.

Sample Testing

The ﬁU-bend specimens were bent into a V-shape with a
special bending apparatus, sprung into clips (see Report Ne. 12), and
immersed in each of the five test solutions (one-molar NaCl, NazSO4,
NaNO3, NaPO3, and NaZS).

The bent beam specimens were precision-cut to length
(+ 0. 005 inches) and sprung into a holder with a bending device (see
Report No. 12). Immersion in the above five solutions constituted the

test phase.

Status of Sample Material

The present status of the alloy sample material to date:

1. D6Ac - heat treatment complete; some bent beam
samples being tested.

2. 300M - heat treatment complete; some U-bend data
available,

3. Vascojet 1000 - heat treatment complete; some bent

- beam data available,
4. AM355 - all U-bends and all bent beam samples

under test,
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PH15-7Mo - all U-bends and some bent beam samples
under test.
BI20VCA - heat treatment complete; some U-bend and
bent beam samples under test,
4137Co - various U-bends under test.
Rocoloy 270 - undergoing final machining.

Ardeform 301 - U-bends under test.
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Ol. EXPERIMENTAL

Sample preparation, heat treatment, metallographic
examination, and stress corrosion testing of all alloys, both assigned

materials and additional samples accepted for study, are continuing.

A. Sample Preparation and Heat Treatment

During the period of this report, the 300M samples were
heat treated to three yield strength levels of about 200, 220, and 250
Kpsi. The heat treatment schedule was in accordance with the informa-
tion given in the heat treatment survey (see Report No. 12) for this alloy.
Surface cleaning of a considerable number of bent beam and
U-bend samples subsequent to heat treating and precision cutting to
length of bent beam samples constituted the greater portion of the
work during this quarter. Wet grinding and emery polishing with
240-grit emery cloth as the final step, were utilized in removing
oxide films from the samples. The bent beam samples were cut to
length on a cut-off wheel with water coolant to the lengths reﬁuired.
Length calculation for stressing to 75% of the various yield strength

levels was accomplished by the Phelps and Loginow method. *

* Phelps, E. H., and Loginow, A. W,., "Stress Corrosion of
Steels for Aircraft and Missiles, "' Corrosion }é_, July (1960),
97-107.
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Tabular data pertinent to the length calculation was supplied by
Dr. Phelps and was utilized in this work,

Sample preparation for the investigation of coatings and
their contribution to alleviation of stress corrosion failure has been
initiated. Since surface tension effects associated with any dip-coating
composition will tend to leave an uncoated edge if that edge is square,
all these samples will have rounded edges for coating and testing.
Uncoated control samples of these ulloys will be run simultaneously

for comparative purposes.

B, Stress Corrosion Testing

During this report period, a number of Vascojet 1000,
D6Ac, AMS355, PHl5-7.Mo, and B120VCA bent beam sarnples were
subjected to synthetic environment stress corrosion testing, U-bend
specimens of 300M and a uranium-modified 4137 Co alloy were also
subjected to testing during this period. A more detailed discussion
of the results to date for these alloys is provided in the following
sections of this report,

1. Bent Beam Tests

Bent beam specimens of all assigned alloys except 300M
are presently undergoing stress corrosion testing. These include:
a. DO6Ac - Only the intermediate strength bent

beam samples for this alloy have been subjected to stress corrosion
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testing to date., The cumulative results, as illustrated in Table I,
indicate that this alloy may prove to be superior in stress corrosion
resistance to the other low alloy, high-strength steels (V-1000, 300M,

and 4137 Co).

b. Vascojet 1000 - Data for bent beam specimens

from all three yield strength levels are available for this alloy. Data
obtained from exposure of primary direction (transverse) samples
are given for the low strength level (~205 Kpsi) in Table II, for the
intermediate strength level (~-245 Kpsi) in Table III, and for the
secondary direction (longitudinal), high strength level (~260 Kpsi)

in Table IV,

Even though the results are limited essentially to one
direction per strength level at this time, we can conclude the alloy is
susceptible to stress corrosion failure at the high and intermediate
yield strength levels in all but the sulfide environment. In the
chloride environment it is apparently susceptible at all strength
levels, The reason for the disparity in failure time in nitrate
solution between the intermediate (Table III) and high (Table IV)
strength levels is not immediately apparent.

To date, the low strength (Table I1) specimens have not
shown a susceptibility to stress corrosion in the nitrate, sulfide,

sulfate, or phosphate solutions.
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Table IV also provides a comparison between 4-inch and
7-inch specimens, secondary direction, in chloride and nitrate
solutions., The results are of the same order of magnitude in both
average time to failure and failure time range. We may conclude
3 ]

from this that specimen length is of little consequence if the 5l

versus point calculated for the specimen falls on the section

of greater slope of the H/t curve shown in Figure 2 of the Phelps-
Loginow publication,
c. AM355 - Although the primary (transverse)

direction specimens (Table V) have been under test for only a
relatively short period, the secondary direction (longitudinal or
rolling direction) samples (Table VI) have undergone exposure for
a considerable period. No failures to date have been recorded at
any of the three yield strength levels in the five synthetic environ-
ments, For all practical purposes, this alloy material is not
susceptible to stress corrosion failure in the environments utilized.

The Table VI specimens were removed from their holders
after approximately 300 days of environmental testing so that the
holders could be utilized for other samples. Some permanent set
was noted in the samples after removal. This is not surprising,
" considering the shépe of the tensile curve for this alloy, in that

there is little or no linear relationship between stress and strain
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below the 0,2% offset Y.S. The tensile curve describes a sweeping
arc to fracture,

d. PHI5-7TMo - Samples from only one direction at

the highest attainable yield strength (~290 Kpsi) have been exposed
to stress corrosion testing to date. There have been no failures,
however, in any test environment, as indicated in Table VII. We
can conclude, on a preliminary basis, that the alloy is not prone to
stress corrosion,

e. BI20OVCA - Preliminary data for one direction at

the high strength level (~~200 Kpsi) are given in Table VIII. No
failures have been recorded to date and the alloy does not seem to
be stress corrosion sensitive,

f, 4137 Co =~ There has been no change during this
report period of the status of the 4137 Co bent beam samples with
the exception of one sarple failure in the 75% of Y.S. group, 175
Kpsi applied stress, severe industrial exposure,

A discussion of the results obtained from these natural
environment exposures has been presented in Report Nos. 12, 13,
and 14, The cumulative data for the three environments are presented

in Tables IX and X for reference purposes.
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2. U-bend Tes:s

During this report period, a number of U-bend samples of
300M, AM355, and U-modified 4137 Co have been exposed to the
various synthetic test environments. The cumulative data to date
for all alloys under test are discussed in the fol.owing sections of
this report.

a, 300M - A number of 300M U-bend specimens of
both the Primary Heat and Comparative Heat sheet materials were
subjected to stress corrosion testing in the five synthetic environ-
ments. All samples from the low (~200 Kpsi Y.S.), intermediate
(~220 Kpsi Y.S.), and high strength (~250 Kpsi Y.S.) groups for
both directions (primary and secondary) have not been exposed to
the test solutions. However, the cumvulative results to date are
given in Tables XI, XII, XOI, and XIV.

On a preliminary basis, the alloy shows a susceptibility
to stress corrosion and the results are of approximately the same
order of magnitude as those obtained for the 4137 Co alloy. The low
(Table XI) and intermediate (Table XII) strength samples were
unaffected in all but the phosphate solution, in which all samples
failed in minutes or hours. The exposure time has been too short

to permit further comparison.
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Failure time for the high strength 300M samples (Tables
XIV and XV) was of the order of minutes or hours in all except the
sulfide environment, in which no failures were recorded for any
strength level. The agreement among the times to failure of the
Primary Heat and Comparative Heat .:igh strength samples was not
too good, indicating a possible considerable variation from heat to
heat for this alloy.

b. AM355 - The cumulative U-bend test results for
this alloy are presented in Tables XV (low strength), XVI (inter-
mediate strength), and XVII (high strength). Sample failures have
only been recorded in the chloride test solution and more predomin-
antly in the primary direction samples.

The possibility that the samples were subjected to
tensile-surface cracking during bending was investigated for the low
strength (Table XV), primary direction samples prior to immersion
during this report period. Surface cracking was observed under
10-power and 30-power magnification and confirmed by cross-
sectioning, polishing, and by subsequent metallographic examination.
Since the bent bearn AM355 samples (Tables V and V1) did not exhibit
stress corrosion sensitivity, we can conclude that, while this alloy
is not stress-corrosion prone even in the stressed (below the Y.S.)

state, it is subject to possible failure in plastically-deformed areas
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in a chloride environment., The crack size necessary for suscep-
tibility is problematical.

c. PHI5-7TMo - The cumulative data for the stress

corrosion testing of PH15-7 Mo U-~-bends indicate that, after from 100
to 300 days of environmental exposure, the alloy is definitely not .
susceptible to stress corrosion failure. Not a single sample failure
was recorded for any strength level in all five synthetic test environ-
ments, Tables XVIII through XXI present the results to date of
PHI5-7 stress corrosion U-bend tests.
Table XXII indicates that neither AM355 or PH15-7 Mo,
in the strength levels tested, are susceptible to cracking in a chior-
inated hydrocarbon, a non-chlorinated hydrocarbon, or a chlorinated
non-hydrocarbon.
d. Bl120VCA - The U-bend samples of this alloy that
were age& for 21, 94, and 200 hours at 900 F in sealed flasks in an
argon atmosphere were found to be unsuitable for test purposes.
The samples would not take the degree of plastic formation required
to form a U-bend without breakage.
While every precaution was apparently taken in the
preparation of these samples to avoid contamination through handling,
overheating during machining, and residual air and moisture adsorption -
on the sample surface prior to or during aging, the effort was not

successful in producing usable U-bend samples.
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The cumulative U-bend stresa corrosion data for the
low strength samples is given in Table XXIII, for the Primary Heat,
and in Table XXIV, for the Comparative Heat, No sample failures
have been obtained and the alloy does not appear to be prone to
stress corrosion.

e, 4137 Co - During this report period, there have
been a few additional failures among the various 4137 Co U-bend
samples. The remaining 3 samples of the low strength group (1100°F
temper or 191 Kpsi Y.S.) in chloride solution failed. Also 4 inter-
mediate strength (232 Kpsi Y.S.) samples and 1 low strength sample
failed in the sulfate environment (see Table XXV).

The high strength (550°F temper or 258 Kpsi Y.S.)
specimens failed in all but the sulfide environment within a few
days, the failure rate being extremely rapid in the phosphate solution.

The intermediate strength (750°F temper or 232 Kpsi
Y.S. ) samples failed rapidly only in the phosphate and nitrate solutions,
the chloride environment being somewhat less effective in inducing
failure in these specimens.

The low strength (100°F temper or 191 Kpsi Y.S.)
samples failed within a few days only in the phosphate soluticn, a
lessening degree of effectiveness in this respect being noted for

the nitrate, chloride, sulfate, and sulfide solutions.
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As Table XXVIindicates the 4137 Co U-bend samples
were also prone to failure in a humid atmosphere, where only the low
strength samples remain after over 300 days of exposure, No failures
were obtained in the laboratory and dry air environments.

f. Ardeform 301 - The cumulative data to date for

these samples are given in Tables XXVII and XXVIII, Sample failures
were obtained only in the chloride solution for both sets of samples.
The severity of the bend for the specimens undoubtedly led to surface
cracking, especially in the longitudinal samples having the outside
surface in tension (see Report No. 10, p. 9, for specimen preparation).
However, only the chloride solution served to promote failure, a
situation similar to that shown by the AM355 test data.

Although bent beam data are not available for the
Ardeform 30l alloy, we can postulate that the alloy may be stress
corrosion prone in the plastically-deformed condition in a chloride
environment and may not be susceptible in the stressed condition in
the elastic region.

g. U-modified 4137 Co - Alloy modification of the

4137 Co alloy with about 0.8 to 1. 0% uranium was found to consider-
ably inhibit the susceptibility of the high strength samples to stress
corrosion failure, as indicated in Table XXIX., Comparison of the

data with the Table XXV high strength 4137 Co alloy in a chloride
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solution shows that the uranium modification has effected to date a
change ccnsiderably in excess of one order of magnitude in stress
corrosion resistance.

During preparation of the samples for testing it was
also noted that surface discoloration (oxidation or general corrosion)
was considerably more rapid than for other sample materials.
Overnight exposure in the laboratory was sufficient in requiring

additional surface polishing with 240-grit emery cloth,
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IV. FUTURE WORK

It is anticipated that all the remaining U-bend specimens
and most of the bent beam specimens will have been subjected to
varying degrees of exposure in the synthetic test environments at
the end of the next report period. This will include the comparative
heat samples also.

Sample preparation for coating with various paint systems
and the coating phase itself should also be complete with the samples
under test.

The cumulative results for the bent beam and U-bend

samples now being tested will also be presented.

-
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R: 2-19-62
T: 2-19-62



19.

*xadural yoes xajye youonb are ue ytm ‘say [+ 2
103 J,0+8 3t peoxadws) pue ‘psydusanb [ro ‘‘utw g7 103 J,0661 I® POzZIIIU9ISNE I1am suswrdadg
‘19pIoy ur °‘S°X jo 9%¢G. 03 passarys sajdweg

i

-- -- -- -- -- €22 Lxepuodeg ¢
- -- sAep . 01 suou 9 $G1 - 902 Axeunag Od®eN
- - -- -- -- €22 Kxepuodsog
-- -- skep 1 03 ouou 9 ¥S1 902 Avewrxg Yos%en
- -- -- -- -- €22 Kxepuodoeg
-- -- -- -- -- 9072 Axeurtag sleN
-- -- -- -- -- £22 Krepuodosg
-- -- sAep Ly 03 suou 9 ¥G1 9072 Axewrtxg €ON®EN
-- - - -- -- €22 Liepuodog
- -- sAep 23 03 suou 9 ¥St 9072 Lxewrxg 10BN
sAep gAep 912 09 suswidodg 18d3y1 18dy) uowdadg Jo uoynjog
‘oJuey ‘ganqreJ o3 soanqred Jo °*ON *8821IS (398330 %2°) uoydvIq 189,
ouIL], eanireqg owty, odexoAy pot 1ddv *‘S°X

godwes (°S°X) yiSuailg ojerpowrasju]

SLSIL WVEL LNAd NOISOYYOD SSTULS 2V9d AA ILVINNND

I 31dVL



20,

*(Lo1re s1y3l 103 3sI9ASUBII) *S°X 3SOMO] JO UOIIODIIP 9Y3 8T uondaxrp Axeurtag
*aadwaj yoeo x9jye youanb 1te ue yitm J,001I € "SIY Z + 2 + 2
103 paaaduwrsy pue ‘paydusnb o ‘cutwu g 103 J,006] ¥e PozUTUS}SNE orom sofdures 989 :9IO0N

*sordwies your- [[e !SIIP[OY Ul *S° X IT9YJ JO 0,G; O} poassaxls soydwreg

o

.- - - - - -- Axepuooag
-- -- sAep gL 01 suou 9 SST L02 Axewtxg foaeN
- -- - - -- -- Lxepuooag
-- -- skep oL 03 auou 9 65T L02 Kxewtag Yog%eN
- - - - - - Lxepuooag
- - sfep g, 03 suou 9 GG1 L02 Lrewmtx g mNdZ
- - - - -- -- Kxepuodsog
- - sfAep [, 03} suou 9 GS1 1072 Axewrxg mOZmZ
-- - - - -- -- Axepuooog
G°9¢ 03 §°$2 L°62 .9 9 s6i L02 Azewrtag 1O®eN
sf{ep skep 23eq o3 suawdadg tsd3yy tsdyy uswroadg jo uorInNiog
‘adury ‘danyte g 0) saanyie JOo °ON 859138 (325330 %Z°) uotjdaalg 1s9],
suwtry Lsanyred owur] 98exsAvy poiddy ‘S°X

sordwieg ( °S*x) y3Buaaig amog

SLSIAL WVJId ILNI4H 000T-LALODSVA TAILVTIANND

II 3TdV.L



21,

*(Aorre 81yl 10 98I9ASULBI]) °G°X 189MO] JO UOTIDDITP 9Y} 8T uoroaxtp Arewrtxg
*xodu1o) yoes 19jye yousnb ite ue UM J,068 1® ‘SIY Z + 7 + 2
103 pexadwa) pue ‘poydusnb (10 ‘‘utwt 9 10§ J,0061 I POZHIUSIsNE daom sofduwes 8oy :9JON

*sojdwes your- [[e !SI9pIoY Ut °S*X I19Y3 JO %G, O3} possaxl}s soydwes

-- -- - - -- - Kxepuodsog
Aep 10} *say § G0 9 9 v81 9% 2 Kxewrtxg mOnmmZ
- -- - - -- -- Lxepuodoeg
G°€ 01 60 g1 9 9 81 92 Axewrpzg Yoslen
-—- -- - - -- -- Azepuoseg
-- - sAep gg 03 suou 9 $8T 9% 2 Axeunzg s?eN
- - - - - - Kxepuosag
6°G 03 G*7 6°€ 9 9 $81 952 Axewrtxg EoNeN
- - - - -- -- Kxepuooseg
Aep 103 *say ¢ S°0 9 9 81 9% 2 Axewarzd 10BN
eAep sAep a)e(y 0} suswdodg 18d)] 18d3] uowtdadg Jo uoyN[og
‘58uey taaxnre g o3 soxnpred Jo °*OoN 288231318 (398330 %2°) uoT}Id9II(J 1997,
owur], sanfreq owr] o98exoAy potiddv ‘S°Xk

gordweg (°g*x) yiduaaig sjerpowrasjul

S1SAL WVIL LNAL 0001-LIALODSVA TAILVINNND

Il J1dVvVyL



22.

*(Aoyre STy} 103 9s10ASURI)) *S°X }8OMOT JO UOTIDSIIP Y} 8T UONOIIp Arewtig

*xadwa) yoes 19jye youanb ate ue YPImm J,GL6 1€ ‘sIYy 2 + 2 + 2

103 poxadwa) pue ‘paydouanb 110 ‘‘utrwx g 107 J,0061 3© PozZIITUIISNE d19m soa[dures 989y 930N

‘Your-Inoj aIe 8I9Y}o [[e ‘suawroads Weaq jUdq YOUL=-UDAIG s
*8I9pIOY Ur "G ° X IId9Y] JO %G, O3 passaxls safdwes yx

°81y G 0} °*say 9°| "8Iy ¢ °¢ 9 9 S61 092 Lxepuodoag

- - - - -- -- Axewrtag €odeN
€9016°0 ¥°1 9 9 G561 092 L1epuooog

-- -- - - -- -- Lxewrtag Yos%en

- - - - G61 092 Lxepuodag 2

- - - - - - Kxewrtxg s“eN
§°82016°8 €°22 9 9 G61 092 4y KIEPUODDS
§°670316G°g 0°61 9 9 G61 092 Lxepuodag

-- -- - - -- -- Areurrag foneNn
skep G-g 03 *s1q ? €°0 9 9 S61 092 xxAIEPUODAG
skep g°p 03 "1y | 9°0 9 9 661 092 Axepuosag

== = = - == == Arewrtrg 1OeN

sAep gAep ojeq 03 suswidadg 1sdy] 1sdy] uswrdadg jo uonniég

¢to3uey ‘oanqte g 03 soanyred JO °*ON % 8893I318 (398530 %2°) uonddIYJ 3189J,
ow], oinfreq ow], oJeroAy panddy ‘S°X

sajduweg ( °s°X) yiduaxis y3ry

SLSTL WVId LNJIY 000T-LILODSVA FAILVINNND

Al I'TdVL



23,

*(Ao1fe STY) 10J UOIIDIIIP ©8I0ABURI)) °S°X ISIMOT JO UOIIIIIIP 8} UONDIITP Lxewrtar g
‘1edy] $L7 PU®R ‘GE?7 ‘$227 ©1® B[OAO] ‘S ‘X 991y) !azopudA Lq yiBusils 03 paIoOL [elIIIBUW 393YS
*1opioy ur °S°X JO %G O3} pesesrls sordureg

-- - sfep ¢¢ 03 suou 1 4 6502 12X Axeurtag

- -- sfep ¢¢ 031 suou ¥ 9L1 GE?Z Lxewmrtag

-- .- sAep ¢¢ 03 suou ¥ 891 v2e Arewrrag toaen

- -- sdep ¢¢ 03 auont ¥ G0? $LZ Kxewitag

-- -- sfep ¢¢ 03} auou ¥ 9L1 GegzZ Aaeurntag

-- -- skep ¢¢ 03 ouou ¥ 891 $22 Arewtzg Yog?en

-- -- -- -- S02 ¥L2 Arewtag

-- -- -- -- 9LY Se? Axeurtxg

- -- -- -- 891 $22 Arewtrd seN

-- -- gkep ¢¢ 031 suou ¥ G502 %02 Axewrtag

- - sAep ¢¢ 03 auou ¥ 9L1 GE? Axewatag

-- -- skep ¢¢ 03 suou ¥ 891 ¥ Arewrtag foneN

- -- skep ¢¢ 01 auou ¥ 50?2 ¥L2 Kxeuwntag

- -- sfep ¢g¢ 03 auou ¥ 9L1 Ge?Z Axrewrtxg

- -- sAep ¢¢ 031 suou ¥ 891 $22 KArewrtag 10N
sAep sAep ereq 01 guswuydodg 18dy] 18dy] usutrdadg jo uonniog

‘oBuey ‘oanqre g o3 soanyreqy Jo °*ON 582118 (108330 %zZ"°) uorydaxI(] 180,
ourr], oxnned owt], o3exoAy parddy ‘c*x

oo, 27

uoroaaiq (°S°A 1samor]) Axewtad

S1LSAL WVALd LNJI9d NOISOYHOD SSTYLS SSEWV TAILVINNNAD

A JdTdV.L



*(£o11®e SIY} XO0J UOTIDIITP DSIDJASURI}) °G° X }SOMO] JO UOTIOIITP ST UOIIOaITp Arewrad

. *
<
N *2961 ‘Z Axenuef jJo se 5391dWOD POIIPTISUOD 838D} DAOGY
(*dsaax ‘rsdy zog¢ pue ‘1sdy] 197 ‘18d3f 062)
*S°X 83T JO 9G) O) possails sT suswrdoads ayjl Jo adeyIns Iajno ayJL
*19A91 Y38ua1ls 03 PSTIOI-PIOD 219m suswrdads 989y, 910N
- - sAep $0g 03 2uou 9 922 Axepuodag
- -- sfep 1627 03 auou 9 G61 Lxiepuooag
- - sKep Z0¢ 03 auou 9 081 Axepuodag mOAHdZ
- - sfep $0¢ 03 suou 9 922 Axepuooag
- -- sfep 1627 03 suou 9 G61 Axepuoodag
- -- sAep Z0g 03 suou 9 081 Axepuooag YosZen
- -- sAep 67 03 auou 9 922 Axepuodag
- -- sAep 9g7 03 suou 9 G61 L1epuooag
- -- sAep zog 03 auou 9 081 Lxepuodag mNdZ
- - sfep 662 03 2uou 9 922 Axepuooag
-- -- s{ep 9gz 03 suou 9 561 Kxepuodog
- -- sAep 70g 03 Quou 9 081 ALxepuodag €ONEN
- - sAep 662 03 duou 9 922 Axepuodag
- -- sfep 9g7 03 auou 9 G61 Lxepuoosog
- - siep zgg¢ 03 auou 9 081 Axepuooag DN
sAep sAep 21eg 03 susawrdadg 1sdy] uwdwioadg jo uoInjog
3 8uey ‘saanqre g o1 saxnyrte g Jo °*ON 8§9131G Ml lutel-Ralgy 1897,
awt ], aanyre g swt] 98exoay patiddy

SLSHL WVIL LNAI NOISOHYOD SSHIALS SSENV AAILVINANAND

IA 3T1dVL



e S, o

25,

*(Lo1re sTy) 103 UOIIDBITP 9819ASURI}) °G°X 189MO] JO UuoT}d311p 8T UOTIOAITp Axewrtrg
*do006 38 "1y [ paaaduwia)l Terrajew 323Yys ¥O
‘I9pIOoy Ut ‘S X JO 9),G) O3 passaxls sajdureg

- -- - -- -- -- £Axepuodoeg
-- -- skep 1§ 03 suou ¥ $12 982 Axeuruag toaen
- - - e - - - - bsgoom
-- - sfiep 1y 03 suou ¥ $12 9872 Arewpxg vOmNdZ
-- - -- -- -- -- Kxepuooog
-- -- sfep 15 03 suou » $12 987 Axeurtag slen
- -- -- -- -- - Axepuosog
-- -- sfep [y 03 suou i4 4 ¢4 9872 Axewrtxg €ON®EN
-= -- - -- -- -- Axepuodog
-- -- siep 1 03 suou 4 14%4 962 Axewiuxg DN
sAep sAep oje( 03 guswtdedg 1sdy1 18dyg usutrdadg Jo uonyniog
‘aBuey ‘sanqied 03 soanyyeqy JOo °ON x982135 (398130 %2°) Li{ e hel-23 g 1897,
owty, ainpred owry oFexoAy perddv ‘S°X

sordures (°s°x ) yiBusaig ySy

SLSHL WVIH LNIFd NOISOHYHYOD SSTULS ON L-STHd TAILVINNNAD

IIA JITIVL



26,

* (KoTre sy} 10J UOTIOOIIP 98IVASURI}) °‘S°X 189MOT 3O UOT}O9ITP ST UOTDAIIP Arewtid
* 1,006 3e uos8ae ur °say Q¢ 10¥ poSe sem TerIajewl PIAISIII-8® ‘pojes I} -uolinios

*x9p 1oy ut ‘S°X JO 9%GL O} passails godwes

- -- sAep 1 03} suou ¥ %1 861 Axepuodog

- "= - - - -- Avewrtag *oaeNn

-- -- sAep 1$ 01 suou ¥ 8%1 861 Axepuodeg

-- -- -- -- -- -- KAxewrtxd Yos%en

- -- skep 1y 03 auou ¥ 8%1 861 Kxepuodeg

- -- -- -- -- -- Kxewrtxd s%eN

-- -- sfep 1y 03 2uou 14 8%l 861 Kxepuodog

- -- -- -- -- -- LAxewutadg £oNeN

- -- sfep [y 03 2uou ¥ 8%1 861 Kxepuooag

-- -- -- -- -- -- Axewrrzg 10®N
skep sAep oje 01 guouydods 18d3 1sdy] usurtdadg jo zonnjog

‘ouey tganmieJ 03 soanyteq jJo °ON %x85931S (3198330 %2°) uon3odxIg 189
ourr ] oxnyred owr] 99eI0AY porrddy ‘S°X

sordwreg (°S°X ) yiSusaig Y3t

S1SAIL WVIL INJId NOISOUYOD SSHTULS VOA0ZIE FAILVINNND

IIIA J'I9VL



21.

1odwa ], J,00TT +++

1adwa], J,06L ++

aodwa], J,065 +

* (Aorre s1y3 103 9sioAsuexy) *S*X 3I89MOT JO UOoIIO3IIP St uorIdaxIp Axewrad ayyg
*Aroandadesx ‘yedy HL1 pU® ‘g1z ‘G52 Jo °S°X Furonpoxd say | + 7 103
J,00TI PU® 0GL ‘066G I® paxodway pue urur g¢ 103 J,00L1 1€ PRZIITUIISNE 2I19M sudwdads 389yl :9I0N

*S°X JO %G} 03 passaxls suswrdads [TV %
‘ed ‘OI[TAQ0IUWOWN °°qerT ydxeasdy pot[ddy 19935 °S °N Y weaBoad Surys9y aanexadoo)

sfep 79§ 03 suou

S Axewrtxg 0€I ‘ed ‘OITtA20IUOW
s¥ 03 81 St S S Axewrtzg 091 sansodxg
0€ 03 2 61 ] ] Axewrrzg 061 TetrIisnpuj-ruiag

- -- sAep z9§ 03 suou S Lxeuntag ++40€T
8103 9 €1 S S Arewrtag ++091 *D°N ‘ydoeag ainy
9103 ¢ 8 € € LAxeuwntag +061 ) sansodxy sautrzew
|
sAep sAep aeq o3 suauridoadg uswtdadg Jo 1sdy] JUIUWUOI AU
‘o8uey ‘aanqred 03 saanqre g JO °ON uoyddIq *coﬁwu&w uo TRINYEN

swt] 9anred

awt] 93exoAy

859138 poryddy

£SLSIAL WVIL LNIH NOISOHYOD SSTYULS 0D LETF TAILVINNAND

XI JITdVL



28,

aadwa], J,0011 +++ radwa], d,06L ++ todwa], 4,066 +
°S°X 189MOT JO UOTIDIAIP 81 Uor3daxtp Axewrad CLRA

*Atoanoadsoax ‘1sdyf 14T Pu® 27 *gG7 Jo °S°X SBuronpoad say 1 + 7 103

J.00TT PU® 0SL ‘0SS I® parodwuis) pue utW (g I0F J,00L[ I® POZIITU9)sne a19m suswrdads 9saYyJ, :9JO0N

sfep GE£€ 03 suou

-- - 9 Liewrinag oLl
€02 03 88 2°evl S S Lrewtag 002
€% 01 12 9°¢¢ 9 9 Lrewrtag 0€? 06
- -- sfep G¢€ 03 suou 9 Axewrtadg 0%T
- -- sfep Gec 03 ¥ 9 Kxewrtxzg GLI
S9 03 0¢ Ly 9 9 Lrewrtag S6T SL
- -- sAep G£¢ 03 auou 9 Lxewrtag +4496
-- - skep G£€ 03 suou S Lrewtag +4 GTT
-- -- sdep Ge€ 03 3 9 Arewrtag +0€T 0S
sAep sAep aleqg 03 suawroadg uawroadg jo 1edyg 189], 103
‘ofuey ‘oantre g 03 saanyre Jo °*oN uor3o9 XY ‘usuaroadg uo ‘S*X Jo 9

awry], oanfred

auty, 98e19Ay

8s8901)S porddy

(erueardsuuog ‘yBanqsijtg) sansodxy Te1I31SnpuU] 9I9A3G

SISHI WVAd INAd NOISOU¥O0D SSHYULS ©D LETF TAILVIONND

X J3TdVL



29.

*(Ao1re sTy) 103 9819ASURI}) *S°X 3SOMOT JO UOIIDIIITP 9y} 81 uUoNdaaYp Axewrad ayg
*yoea xajye youonb xte ue Yy °say 7 + g 103
J.0001 e poxadwa) pue ‘payduanb [0 ‘‘urta 07 103 J,0691 I PezIIIUAISNE 21om suowroods 989YJ, :9I0N

*aIqe[IeA® 3194 JOU SIINSOI O[ISUI} ‘POIPUINISD °*S°X =«

‘sayq 2103 | ‘8ay 0 °¢ 9 9 - 002 Axrepuosog
=< == - - - - Axewrrzg Coaen
-- -- sfep 2103 | 9 - oow A1lepuosog
== == - - - = frewtrrg wOmndZ
- -- sfAep 21 03 suou 9 - 002 Kxepuoseg
- -- - - - - Axeurrag s?eN
- - sfkep 71 03 suou 9 - 002 Kxepuodsog
-- -- - - - - Axewtag toNeN
- -- sAep 21 03 a2uou 9 - 002 Lxepuodoeg
-- -- - - - - Arewaryag 10N
sAep sAep oyeq 03 suswoedg 1edyy 1edy] uswrdadg Jo uoyniog
‘a8uey ‘oxnqieq o3 soanyre g Jo °*OoN Yi8uoxig (3198330 %Z°) uorjdaxg 189,
owur] oanpreq swt], oexsaAy oTIsua ], ‘S°X

sotdwes (°S°Xx ) WBuaiig morg
jyesl] Arewrtag

SLSIL ANJIL =N NOISOHYYOD SSTU.LS W00€ TAILVINNND

IX 3T1dVL



30,

* (Ao[re sy} I0J 98I928UBI}) °G° X ISIMO] JO UOIIIIITP 3Y) 8T woyoaxrp Arewrad ayg,
‘yosea 19jye youonb ate uwe YIm °say 7 + 7 103
J.008 e paaadura) pue ‘payduanb [0 ‘°urwu g7 10¥ J,0691 I® POZIIIUI)SNE 2I1dM sudwrdads asay] 910N

*a1qejreAr 194 JoU SI[NEII ITIBUI) (PIJRWTISD °*G° K =

‘urur 6T 03 6 ‘utwa g *2 1 ] g - 022 Kxepuosog
- = = - = = Arewtag mOnmmZ
- - sAep 710} ¥ g - 022 KAxepuodog
- -- - - - - Krewrrx g vOm Zen
- -- sAep 21 03 suou q - 022 Kxepuodoeg
-- -- - - - - Axeunnzg sen
- - sAep 71 03 auou S - 022 Axepuodag
- - - ‘ - - - Arewrtxrg €oNeN
-- -— sAep 71 03 2uou - - 022 Axepuodag
-- -- - - - - Axrewrtag 1D®eN
shep skep a1e 01 suowtoodg 18dyf 1sdy] uauroadg jo uonyniog
*oFuey ‘aanqre g 03 soanyre g Jo °ON y18uaxis (198730 %2 °) pileink X34 g 189
sunj sxneyq owt}, o9exsAy oIeua ], ‘S*X

sordweg (°S°X) ydusiis sjerpowrrinu]
reol Axewitrd

SISAL ANAd-N NOISOMYOD SSTELS W00E TAILVINNND

IIX AT1dVL



-
™
* (KoyTe suy} 10 98I3AEUEI}) °S°K 3IFIMOT JO UOTOILIP oy3 st woryoaxtp Axewtad ayl
‘yses 19ye youanb are ue P Im s8Iy Z + Z 103
J .06G e paxadway pue ¢poyousnb yro ‘°utwt 07 X103 I,0591 I® pPozZltusajsne 9I9m suswuroods asay] :ON

‘pofeioae jou *81y G 4G Bunisey aydwes U0 %x
2 [qe teAe 394 jou s3[NEaI I[ISUD) POJPWINIEd ‘S X

‘'tz €103 § ‘urw 66 9 9 - 0§82 Axepuodog
‘urw g 03 G uTw L °9 9 9 - 0%2 Krewrzg toaeN
say 21 03 °‘uwtua g1 ‘say 8°2 9 9 - 062 Axepuodeg
‘utwi 9 03 ¥ ‘utw g°g 9 9 - 144 Axewrpxg Yoslen
- -- sAep 21 0} auou 9 - 0s? Kxepuodeg
-- -- sAep 21 03 duou 9 - 0¥2 Kxeunag cleN
*say 65 03 21 *sxq 6°1¢ 9 9 - 062 Kxepuodag
*s1y 0% 03 2 814 0°G 1 9 9 - 0¥2 Azewtxd tonen
*8a1y .2 03 ‘Urw g °sI1y 8°9 9 9 - 052 Axepuodog
‘uyw o¢ 03 1 g UYWL 276 9 9 - 0%2 Kxewruxg 10N
sAep sAep 23eq 03 suowydodg 8dy 18d)] uswtdadg jo uonniog
*aFuey ‘sanqre q ol soxnyreJ Jo °oN yBusxis (3198730 %Z°) uo102 1Y 189,
ouar] oinprey our], o8exaAy oTIsua], ‘S°X

sojdwreg (°s°X) wBuaxis ystH
jeoH Lxewrtad

S1STI ANA€-N NOISOHYOD SSTULS W00t TA HH.ﬁDzDU

IIIX ATdV.L

4’%: R



.
[}
(aa]

* (AoTTe STy} 103 9813ASURI}) *S°K ISOMO] JO UOTIDBIITP 9Y} ST UOTIOIITP Kxewrtad ayl,
*yoes 1937e youanb are ue yum °say z + 2 10}
J 0065 e poxedway pue ‘payduenb (10 ‘*urwa 07 103 J,059T I® PIZNTUSISNE BIM suswpeods asay], 910N

*SIqe[reA® 194 jOU SINSOI S[ISUI) (PAJLPWTIISd “S*X %

‘urua g2 03 21 ‘urwa 7 °91 9 9 - 062 Axepuosog
=" -" - - - - Areurtag *oaeN

*81y G°gS 93 21 81y 1°6¢ 9 9 - 052 Kxepuoseg
- -~ - .- - - Arewrrg Yos?en

- - sfep 71 03 suou 9 - 062 Kxepuosog
- =" - - - - Arewrtzg s%eN

*sayq 0% 03 21 *s1y 0 *9¢ 9 9 - 062 Kxepuodog
- -- - - - - Arewrnag fonen

*8IYq G°¢6 05 G °OF *81Y §°G9 9 9 - 062 Axepuodog
-- -- - - - - Axewrtzd 10N
sAep sAep aye( 03} guowirdodg 18d3] 1sd3f uowtdadg jJo uonn[og

‘o3uey ‘oanyre g 03 soanyre JO °*ON ya8usxis (398330 %2°) uorydaxld 1991,
suwry] oxnptred surny, o8easAy ‘ oTIsud ], ‘S°X

sordwes (°s°X) wduaxis yStH
jesy oAnexeduro)

S1SAL ANAD-N NOISOHYOD SSTH LS W00E TAILVINNND

AIX H'1dVL



a3.

*goyoul gEQ° - S6OWOIY] usuwurdadg
* (Aotte s1y3 Jo uol3dAIIPp 9S19A8URI]) *S°K }SOMO] JO UOIIIAIIP ST UO 1309xIp Axewtad
*G*X 911 puoAaq passor}s st uawurdads oyl Jo soOeBJINS IVINO Y],

‘y18usiis 0} pOI[0a-PIOd SI1am suswrdads 3say] :9I0N

- - skep $¢1 01 a2uou 9 192 042 Kxepuosog

- -- sAep Gg 0} suou 9 LL? vz Axeurtagy toa=N

.- -- sAep $¢1 01 suou 9 192 052 Kxepuooeg

-- -- skep GG 03 suou 9 LL? $22 Azewrag Yos?en

- - sAep $¢1 03 ouou 9 192 067 Axepuooog

- -- shep gg 01 suou 9 LL? $22 Axewrtxg seN

- -- sfep ¢ 01 2uUOU 9 192 06?2 Kxepuooag

- -- skep gg 03 suou 9 LL? $22 Axewrag toNeN

- -- ghkep ¢l 03 suUoU 9 192 062 Axepuod9g

- - skep gg 01 7 9 LL? ¥22 Kxewmrtxg 10OEN
sAep sAep ajeq 03 suawrdodg 1edy] 1sdyf uowtdadg jo uonnog

‘ofuey ‘sanqred o3 soanyre g Jo °*ON y8usxis (3198130 %2°) uonoaxid 1891,
owrr] oInfred owt], oderaAy oTIsuUaJ, ‘S°k

soyduwreg (°s*x) ysBuaxigs mory

SISAL ANII-N NOISOYHOD SSAULS SSEWV TAILVINNWNAD

AX JTdVL




34,

*89YdUI G9gQ * - gsam{o1y} uswroadg
*(AoT1® STy} 103 UOTIODIATP SSIDASURI}) G ‘K }159MOT JO UOTIOIITP Y] ST UOIIDAIIP ATewrtid
*S*X s3t puokaq passarls st uswidads 3893 9y} JO IdeJINS 19IN0 YL

*{2A2] Y33ud13s 03 pPI[[OI-PIOD dI19m sudwrdads asay] :9I0N

- - sfep ¢¢€1 01 suou 9 1.2 192 Lxepuodag
-- - sAep £<1 03 auou 9 982 Ge? Axewrtzg mOnde

-- -- sfAep ¢¢1 03 auou 9 L2 192 Axepuodog
- - sfep ¢¢1 03 suou 9 987 GE? Kreuwrtzg Yos?en

- -- sAep ¢¢y 03 suou 9 1.2 192 Lxepuodsog
- -- sAep ¢¢1 03 auou 9 982 GE? Kreurtag wm.mz

- -- sAep ¢¢] 03 auou 9 L2 192 Lxepuooag
- - sAep ¢¢1 03 suou 9 9872 Ge 7 Axewutag MOZMZ

-- -- shep ¢e1 01 1 9 L2 192 Lxepuodag
S°P1016°0 €°9 9 9 932 Ge2 Arewrag 10®eN
sAep sAep areq o3 suawidadg 1sdyy 1sdyf uswoadg jo uotInios

‘a3uey ‘danyre g 03 saanyte g Jo °*ON p3usxig (3198330 %Z°) uotryoaxtg 1591
surt], sannted sut], a8exoAvy a[IsSUd ], ‘S°X

sojdweg (*g*x) yduaals ajerpowraajuy

SLSUL ANJId -1 NOISOJTYOD SSHULS S9NV JAILVINNND

IAX TTLVL



35,

*gayout ggQ * - 999WNDTY} uaurrdadg

*(Aofre sty} 10J UOTIDDITP ISIFASURI}) S ‘X }89MO] JO UOTOSITP ST uUondearp Axrewrag
*G°X 811 puoAsq posgall}s 8t uswrdads 9yj JO 9deJIns IIINO 9YJ,

*1oA9T y3Buoils 03 pOIIOI-PIOd 219M suswrdeds 989y, 910N

-- - sAep ¢¢1 01 suou 9 1103 20€ Axepuodag

-- -- siep 0gz 03 suou 9 Lo€ ¥L2Z Kxewrzg foaeN

- - sfAep ¢gT 03 2uou 9 11€ 20¢€ Axepuodag

- - sfep ggzZ 03 sauou 9 LOE ¥LZ Arewrrag vOmNdZ

- -- skep g¢1 03 duou 9 11e 20€ Kxiepuodag

- -- sfep ggz O3 suou 9 LOE $LZ Areurtag g?eN

- -- sfep ¢¢1 03 suou 9 1€ 20¢€ Axepuodsg

-- -- skep pgz 03 ouou 9 LOE $L72 Arewrtig toNeN

-- -- sfep ¢g1 03 1 9 11e 20¢€ Axepuodag
8016°0 sz°¢ 9 9 LOE ¥Le Axewtag 10¢eN
sAep shAep 2ye( 03 suswroadg 1sdy] 1sd3 uswioadg jo uoynyog
‘oB8uey ‘oxnmred o) saanyre Jo WPBuaris (198330 %2*) uotdaItg 1897,

swt], sanjyreqy awt], a8exaAy STISU9 ‘S°X

sojdwres (°S°x) yaSuaxnig ysyg

SISAL ANALd-N NOISOYYOD SSTUILS SSEWV FTAILVINNAD

TIAX TTAVL



36.

*gayout g0 ‘0 - 8S9WMOIY] uswrdodg
*{Loj1e styy xo0¥ uOT10911p 98I9ABURII)*G X I8OMOT] JO UOTIDIITIP 8T UOTIDIITIP Axeurtadg
*G* X 831 puokaq passai)s st uswrdads ayj Jo 99BJINS IIINO Y],

*pPoA19O2I 8® ‘UOTITPUOD PI[OI-PIOD SY3 ut 3xe gsuswroads 089y 90N

- -- sfep go¢ 03 sauou 9 122 812 A1epuooag

- - skep go¢ o) suou S 8€7 102 KArewrtzg toaeN
- - sAep gpg¢ 03 auou 9 122 812 KAxepuoosoag

-- -- skep gog 03 suou S 8€2 102 Azewrag Yos%en
- ‘ - sfep gp¢ 03 auou 9 122 812 Lxepuodag

-- -- skep gog¢ 03 suou 9 8€? 02 Azewrtzrg s%eN
-— . -- siep gp¢ 03 auou 9 122 812 L1epuoodog i

-- - sAep gog 031 suou S 8¢c? 102 Axewrtag toneN
- -- sAep gpg 01 auou 9 122 812 Kxiepuodag

- - skep gog 03 suou 9 8€? 102 Azewrtad 10N
sAep shep ared o3 sUdUITD94G 1edy] 1sd3 uaurrdadg jo uoyniog

safuey taanyred 03 saanmie g Jo °ON pBuaais (398130 %2°) uot}d9xI 189,
swr] @anyred aswl], 28easAy artsuaj, ‘Q'X

sardweg (*S *X) yiduaaig mo

SLSHL ANALG-N NOISOHYOD SSAULS OWL-STHd TAILVINNAD

IMAX JTdVL



37.

*(AO11® STy} 10J UOT}OSITP PSIDASURIY) *G° X JSIMOT JO UOTIDIITP Y} ST UOTIIIITP Arewrtzg
‘g *X 531 puohaq passails st susawroads ayj Jo IdeJINS IIINO Y],
‘ay 1 103 J,GZT1 ye paaxadwa) axam suswrdads asay] :9I0N

- - sAep Q1103 2uou 9 622 $22 Kxepuodag

-- -- sAep (1103 duou 9 $12 802 Axewrtad foaen
-- - , sAep 1103 2uou 9 622 922 Kxepuodag

-- -- skep o103 2uou 9 $12 802 Arewrtzd Yos’eN
-- -- siep g1103 suou 9 62?2 $22 Axepuodag

-- -- skep (1101 suou 9 P12 802 Arewtag s%eN
-- -- sAep 1103 2uou 9 622 $22 Lxepuooag

-- -- skep 01103 2uou 9 12 802 Arewrnag foNen
-- -- sfkep 1103 d2uou 9 6272 22 Ax1epuodag

-- -- sdep (103 duou 9 P12 802 Arewtag 10eN
shAep sAep a3eq 03 suawrdadg 1sdy] 1sdy] uswroadg Jo uoninjo§

‘ao8uey ‘danrre o3 saanfre g Jo *oN y8uaxig  (3I9SJ3O %Z°) uonddIIq’ 1831
awty, danfleg awt], ofeisAy afIsua], ‘S° X

sorduweg (*s°X) yifuoxig a3erpouUIIdIIUI-MOT

meMP‘QZMmmnb NOISOWUYOD SSHUULS ONWL-STHA TAILVIANAD

XIX ATdVL



i
A
*(£Ao11® STY} I0J UOTIDSITP DSIDASURIY) *G* X 189MOT JO UOIIOQITP 8T uoryosxtp Axrewurrdq
*G *A 83t puofaq passar}s st uswuroads ayj Jo IdeJINS I33N0 BY],
*ay T 10¥ J,GL01 e paxadwia) saxom suswrdoads asoayJ 910N
-- -- sAep 1 03 auou 9 €97 867 K1iepuooag
-- -- sAep 11 03 duou 9 ¥6727 ¥H2 LAxewmrrzg £odeN
-— -- sfepyr 03 suou 9 €92 867 Axepuooag
-- -- sAep 11 03 duou 9 $G7 PH2 Azewntag ¥Yogen
-- - sAep gy 03 2uou 9 €972 862 Kxepuooag
-- -- sAep [ 03 suou 9 G727 PHT Axewrtag mNmZ
- -- sfep [ 03 suou 9 €92 867 L1iepuodag ¢
- - sep 11 03 duou 9 ¥9¢ 1444 Lrewtag ON®EN
- -- sAep (Tl 03 suou 9 €92 867 Kiepuooag
- -- sAep (1l 03 auou 9 ¥G2 % Areurtxg 10N
sAep sAep aje o1 susuitoadg 1sdy 1sdy usawrdadg jo ﬂoﬂwaow
‘o8uey ‘aanyted o3 saanjyte g Jo °"oN y38ua1yg (198330 %2 °) uotr3oa (g 1897,
swiy, sIned awt], a28viaay aTtsuaj, ‘S X

sordwreg (°*s°x ) y8usais ajerpowraaiui-y3tyg

SLSHL ANJFd-N NOISOYYOD SSHULS ONL-STHd HAILVINNAD

XX d1dVIL



39’

*(Ao11®e s1yy 103 UOTI031Ip 95I9A8URIY) °G * X 189MOT JO uordIIIP BI Uor3daIIp Axewtag
‘S °X S8)t puohaq possails 8T uswtdads ay3 jJo aoseyins xo9no ayJ,
‘IY 1 10¥ 3,006 € poasadwa) saxom suowiroads asay], :9joN

-- - s£ep 011 01 suou 9 062 687 Axepuosag

- - sfep 01103 suou 9 €67 982 Axewrtag mOnmmZ

- -- "8Lep 011 03 auou 9 062 682 Axepuosag

- - sfep 011 03 suou 9 €62 9872 Lxeuwrtag vaNaZ

- - sfep 01103 auou 9 062 687 Ax1epuodag

-- -- sfep Q103 suou 9 €67 982 Lrewrrzg s%eN

- -- sAep 011 03 auou 9 062 682 Axepuodsag

-- - skep 01103 suou 9 €672 982 Axewrzg foNen

-- - s£ep 1103 auou 9 067 6872 Axepuooag

- - sAep 01103 suou 9 €62 982 Lreunag DTN
sAep ‘ sAep areq 03 sudwdadg 18dy] 1edy] uaurdadg yo uornnjog

‘a8uey ‘oxnrIe g 03 saanyre g Jo °oN y8usais (398330 %2Z°) uoryddarg 31891
swyJ sannreg Juny afesroay aTIsua y ‘S°X

sordwreg (°g°x) y3Suaxnig Y31y

SLSHEL ANId=-N NOISOHHOD SSFAULS ONL-STHd TAILVINNND

IXX ITdVL




40,

*(sAo1Te 959yl 107 UOTID2IIP  9SIDASURIF) S X ISIMOT JO UOTIIIIIP Y} 8T UOTDAILPp Axewatadq
*Q A 831 puokaq passails st usuroads 9Y) JO IDBJINS I8N0 3Y ],

*19A91 Y318us11s 0] pOIjOXI-PIOD Id1om suswideds asoy] :9I10N
(uoqaesoapiy
-- -- sAep 9¢2 03 ouou 9 987 %4 Arewrtzg GGENWV pajeutIoTyd)
-- -- sAep 9¢ 7 03 suou 9 Log ¥L? Arewrtag SSENV 10X 3 2o}
- - sAep 9¢Z 03 suou 9 122 8172 Kxepuodag O L-GTHA aueyyo
-- - sAep 9¢ 7 03 auou ) 8¢ 102 Arewrtag  OWL-STHA =0IOoTYdII ],
{(uoqxed
-- -- sfep 9¢z 03 suou 9 9872 G€? Axewrtad SGENV «oapAy paje
-- -- sdep 9¢7 03 suou 9 Log ¥L2 Axewsrag SGEWV  -UurIoyd uou)
-- -- skep 9¢Z 03 suou 9 122 812 Kxepuodss  OWL-STHA ySs
-- -- sAep 9¢7 03 suou 9 8€2 102 Arewrtzd  OWNL-STHA surjusd
{uoqae>s
~-01pAy uou
-- -- sfep g¢¢ 03 auou 9 982 S€2 Arewrag SSENV pajeurIoryo)
-- -- skep 957 01 suou 9 LOE 5L2 Arewtag GSEWV Y190
- - sAep 9¢Z 03 auou 9 127 812 Axepuodag OWL-STHJd aprIoTyoeiial
-- -- skep 9703 | 9 8€2 102 frewtzad  OWNL-GTHA uoqIed
sfep gAep a9eq 0} susurdadg 1edy] 18dyf uawatdadg Jo 1909318 Jo uonyos
.0“3 .Ohnﬂﬂmﬁrﬂ o3l saanjre g Jo *ON ﬂ—uMQQHavA AHOQMHO om.N .v uotIdIIYJ Q&H. 38971,
awut] sanqieq owt] s8exsay STIsuUl ], ‘G°x

S1ISTI ANFLd-N NOISOHUOD SSTULS SSEWV ANV ONWL-STHd TAILVINNWND

IIXX JTdVL



41.

*S*X 189MOT JO UOTIOBIIP ST UOTIIIITP Kxewrtad oy,
*S°X ®31 puodeq pessox,s 81 uswroads oy Jo edejans I9IN0 9y,
‘UOTITPUOD |, POATIADAL S¥, O} Ul 2I®° suowoads asayy :ojoN

-- -- sfep 16¢ 03 suou ¥ SHI %1 A1epuodsag

- - sAep ¢6 03 ouou ¥ 0¥l 6€1 Lxewrtag todeNn

- -- siep 66 03 suou 4 SH1 ¥l Lxepuodog .

-- -- skep ¢4 03 suou b %1 61 Arewrzg Yog%en

- - siep 66 03 ouou ¥ S¥1 % 41 Kxepuosag

- -- skep 66 03 suou ¥ 0BT 6£1 Arewrrag s%eN

-- -- sep 16¢ 03 suou L SH1 1341 Azepuosag ¢

-- -- s4ep 66 03 suou ¥ ol 6€T Kiewrtag ON®N

- - sfep 16¢ 03 suou ¥ Sl %1 Axepuooag

-- -- sdep 66 03 sucu 12 (1341 6€1 Arewrag 1O®N
sAep sAep 21eQ 03 suswrdadg 1sdyy 1edy] usuwroadg jo uomnjog
‘ofuey ‘santreq 03 saantte gy Jo °ON yiBuaris (198330 %Z°) uoryd’aIg 18971

surt] aanyre g owt] o8eioay 9Is Ul J, ‘S°x

sardures ( *°s *Xx) yi8uaxig Moy
Yesly Arewtzg

SLSAL ANJILE-N NOISOHYOD SSTULS VOA0ZID JAILVINNND

IIIXX 3719V




42.

'S "X 189m0 JO UOIID3IIP ST UOIIdaaTp Arewrad ayr
*S°X 831 puodaq passails st uswrdads 9yl yo adeyans 19jno Y],
‘UOTITPUOD’ |, PIATIOOSI S®,, DY) Ul UINE] BI19Mm sugwtdads asay] 910N

‘T T3quinu jeay sarjeredwos o3 siaysx TLHy

- - sfep 66 03 auou ¥ [ | PH1 A1epuodsog

-- -- skep 66 03 suou ¥ 341 1821 Azewrtag togen

-- -- sdep 66 01 auou 1 4 8b1 1241 Axepuodag

- - skep ¢6 03 auou ¥ €1 Bl Arewtxg Yoglen

-- -- sAep 66 03 suou ¥ 8¥1 2l A1epuodag

-- -- sAep 66 03 suou ¥ €F1 154 Arewrtag seNn

- - sKep g6 031 sauou 2 8¥%1 PP Lxepuodag

- -- sAep 46 03 sauou v (%41 %1 Lxewrtag mOZmZ

-- - sfep 6 03 auou ¥ b1 o1 Lxepuodag

-- -- sfep 66 03 suou 1 4 1548 841 Axewtag 10BN
sAep shep ajyeq o3 suswrdadg 1sdy] 1sd3] uawrdadg jo uoyniog

‘o8uey ‘aanjred 03 saanyre Jo °‘oN y18uaayg (3128330 %7Z"°) uoI3oaxtg 189
suIy, axnyre g suwt], a8exoAy . atsua ], ‘S°X

satdweg ( °S *Xx) yiBuaxig morg

SLSAL ANJIL-N NOISOYYOD SSAY LS *:.Hm.c‘c«nu\ro 29 JAILVIANND

AIXX JTdV.L



43,

*S °X 3189MO] JO UOTOAXIp st uoiydaxrp Axewtad ayl,
‘S °X 831 puodaq pasgoaxls g1 uswrdads oyl Jo 9delIne 19IN0 OY],
*say [ + 7 103 A1aArgoedsox

‘d.00Tt PU® 0GL ‘0GS e poxadurs) pue urw g¢ 103 J,00L1 3® PazHITusIsne o1om suowrdads 989Y] (910N

*pafexaAe jou shep )7 Burise] uswroods U g
‘pofeasae jou shep g Buriser uowdads sup x

sdep L7203 6°0 . 9hepg°1 9 9 861 161 Arewyzg
sfAep g 03 utuwz p¢ *&3 £°0 9 9 09?2 2€? Areurnzg
urw g 03 ¢ uTw G 'y 9 9 582 852 Azewnnag toaen
-- -- sAep 661 01 g 9 861 161 Axewtzg
- -- sAep 66% 03 § S 092 €2 Arewrtag v
skep g*z 03 utwmz o1 6°0 9 9 587 862 Axewrtzg os%en
-- -- sfep g9¢ 03 suou 9 861 161 Arewrtzg
-- -- sfep Gg9¢ 03 | 9 0972 rA%4 Lrewnrg
-- - skep G9¢ 01 2 g 582 862 Kxewrrzg sen
262 03 92 9°221 9 9 861 161 Axewrtag
G°6€ 03 G°62 8°€cE 9 9 09?2 2€2 Lrewrtag c
G°1016°0 rAd | 9 9 582 862 Axreuwrtag ON®N
2€S © L9g 0 “9¥%% 9 9 861 161 Lxewrtag
¥22 03 g¢ 0°921 9 9 092 rA%4 Azeurtag
ST 931 G°0 €y 9 9 s82 862 LAxeurtag 1D®N
sAep shep ayed 03 suawrdadg 1sd3y1 1sdyg uswrodadg jo uoTIniog
‘o8uey ‘aanmied 03 saanfed Jo °*oN pBusays (198330 %Z°) uorydaIlq 1891
swt], @anireqg awr] 98eaoAvy aTIsu9a ], ‘S*°X

s -

SLSIL ANJIG-N NOISOYYOD SSHULS 0D LETH TAILVINNNAD

AXX F1dvi



44.

“S*X 389MOT JO uo1)dax1p 8t uondoaxip Axrewrtad ay]J,
*§°X s3It puokaq possalls st uswrdads 9Yy) JO 9deJINS I3INO YL
*say [ + 7 103 A19A1300dsax

‘d,00T1 PUe 0GL ‘0SS e pazadwa) pue urwt g¢ 103 J,00LT 3€ PoZIITUsIsSne a1am suswrdads 989yl 930N

( ‘uoztaus °qeg

- ~- sAep gG¢ 03 suou ¥ 861 161 Azewtadg 03 Apoosatp
- - skep gG¢ 03 auou ¥ 092 2€? KAxewrrzg pasodxa)
- -- sAep gG¢ 03 suou ¥ G872 8672 Lxeuntag Aaojexoqer]
- -- sAep gG¢ 03 2uou ¥ 861 161 Axewtxg (xodea xajem
EF1 01 € G %S 4 b 0972 €72 Axewtad Wim *anjes)
S'TMol ¥ ¥°9 14 ¥ 682 862 Axewrtzagd a1y prumyg
- - sAep 99¢ 03 auou € 861 161 Kxeuntag
—-- -- sAep 99¢ 03 suou € 092 2€2 Lxewmtzg (x03ed1I889P)
-~ -- sAep 99¢ 03 suou € 682 862 Axewrtag aty Lz
sAep shAep 23ed 03 suawoadg tsdy] 18dy] uswroadg Jo uonINyog
‘a3uey SanTie g 03 saanme g JOo °‘ON y18usxig (328330 %2°) uotIdIY(T 189,
wul] anyrey awty 98easay 211suay ‘S°X

SLSIL ANTd~N NOISOYYOD SSTYULS 0D LETF TAILVINNND

. IAXX J1d9dVL



45,

*S°X 83t puokaq possalls 81 uowrdade Sy} JO 9OEJINS I9INO IYL
*UCTIIIPUOD | POAISDDIT 5%, 9y} Ul 2a1e suswpdads asoyJ, :9I0N

-- - gkep gL 7 01 suou 9 - - ap1sIng ‘gue1]
-- -- sAep g, 2 03 suou ¥ 622 €81 apreu] 8uoy
-- - sfep gL 7 03 suou ¥ 622 €81 aprsInO *8uoy mOnmsZ
- - sfep gg7 03 suou 9 - -- apIsIN0 *suexr],
-- -- sdep ggz 03 suou 14 622 €81 aptsug *8uog
-- -- skep 082 01 auou b 622 €81 opr:INO Suoy  Yoglen
-- -- siep gg7 03 suou 9 -- -- apIsIng *suel]
-- -~ sAep 0gz 03 suou ¥ 62¢ €81 apreuy *Buot .
- - sep 082 03 suou i 4 622 £81 apteIno *Juo S eN
-- - sfep ggZ 031 suou 9 -- -- apIsInNO *suerJ,
- - sAep 087 03 suou ¥ 622 €81 aptsur *SuoT ¢
- -- sAep 087 03 suou ¥ 622 €81 apIsIn0 *8uo ON®eN
- - skep 982 03 suou 9 -- -- apisIng .mqm.n&
-- -- . skeppgzor ¢ 2 622 €81 (oAedu0d) aprsul *8uory
0°291S°0 52°1 ¥ ¥ 622 €81 (xaau0d) aptsnQ *3uog 1DeN
siep sdep e  0) suswtdadg 1sdy 1sdy] uoisusJ, ut uawoadg jo uoynjog
*a8uey ‘santre g o3 saanyre g Jo °OoN yi8usxigs (198130 %7Z°) 9oeJING 189F uo1IDIITIJ 31897,
ourtj, aanre out], 98eisay sTisua ], *S°X
(1 ordures)

SLSHL ANJILd-N NOISOYYOD SSHULS 10 WHOJATAHUV FTAILVINNND

IIAXX JTIVL




46,

*S°X 9Y3 puokaq passarls sT uswroads o9Yy3 JOo 20BJINS IDINO Y]
‘UCTIIPUOD ,,PIATIIDI 6%, 33 Ul axe suswrdadds asay], :9j0N

- - sAep 9gZ 03 auou S - - apIsINO *suex],

-- -- sAep Gz 03 duou 2 6e? 602 apisul *3uo c

-- -- sdep 0GZ 03 suou 4 194 602 ap1sIn0 *8uory odeN

- - sfep 9GZ 03 2uou S -- -- apisIn0 ‘suex],

-- -- sfep 0Gz 03 duou € %4 602 aprsu] *Buog

-- -- skep gGz 03 suou ¥ S€2 6072 ap18INO ‘8uoy  ¥oglen

- -- sAep ggz 03 2uou S -- - apisino *sues ]y,

-- -- sfep pgz 03 suou - %4 6072 apISINO *3uo

-- -- sfep 0G7 03 suou 4 GE2 602 apIsInQ *8uoy s%eN

- - mh@ﬁ 067 03} suou S - - apisInO ‘suex],

-- -- sAep 052 03 suou 4 94 602 aprsuy *8uory

-- -- sfep 052 03 suou S Ge? 602 aptsIn0 *3uog €oNeN

- - sAep 0G2Z 01 suou S - - apisinQ *suexf,

-- -- skep(0gz o3 2 ¥ G€27 602 {9A®ou0d) apisul *Buory

-- -- sAep 05203 2 9 S€2 602 (x2Au02) aptsinQ *8uoT 1DeN
sAep sAep ajeq o3 suswIdadg 18dyy 1sdy] uotsua ] ut uswtoadg Jo uouINTOS

‘o8uey faanmiey 03 saanyreJ Jo °*oN y38uaxig (31987130 %Z°) @2®iaIng 3897 jefakt:-Rade RN
awty 2anTied Suwl], 38eIdAY arisua ] ‘S°'X
(2 s1dwreg)

SLSdIL dN3d-1 NOISONHO0D SSAdLS 10€ WHOATAUYV JAILVIOANAD

IIIAXX JITdV.L



47.

*(Aotre syl 103 9819As8URLY) °G° X 189MOT JO UOTIDDITP 9y} 8t uorydoaatp Axewrtxd ayjg,
*G*X 83t puokaq passaxls st uswrdads ayj Jo aoeyINS IIIN0 YT,

*xadwej yoee Burmorroy youanb ite ue ‘sanoy | + 7 103 1,009 PuUE ‘00S ‘00%
je paxsdwaj pue ‘payouonb [ro ‘‘urui g¢ 10§ J,00L1 3 PeZIITUIISNE oxam sojdures 2§9YJ, :9I0N

- - sAep g%1 07 suou 7 009 Axepuoseg =AW

- - sAep g% 03 suou 2 005 Axepuodasg 17-ANW

-- -- skep 9$1 03 suou 2 00% Axepuooeg W-AN 1O®N

-- -- sfep 9%1 03 suou 4 009 Axepuodag 0%~ AN

-- -- sep g4 03 suou Z 00§ Axepuodsg ov-AW :

-- -- sAep g%1 03 suou r4 00% KAxepuodag 0¥-AN 10N

- - siep g9§1 03 suou Z 009 L1epuodag 8¢€-AN

-- - sAep 931 03 suou Y4 00S Axepuodeg 8€-AN

-- -- sfep 931 03 duou r4 0o¥ Lxepuodag 8€-AW 1DeN
sAep sAep a1eq o3 suowrdadg g, ‘*‘dway uswrdadg jo nomuanmmuoﬂ uoniog

safuey ‘aanired 03 saanyreJ Jo °"oN Sutzadwa ], uonveayqg o1dureg 3897,
swi], aanyteqd sur], 98ev10AYy

sordureg ( °s°X) p18usanig Y3y

SLSJAL ANIL~-N 0D LETw AATIIAONW-N TAILVINNND

XIXX A'TdV.L



o)

e ¥

e

DISTRIBUTION LIST
(Coples of All Reports)

Department of Defense

Office of the Director of Defense Research & Engineering
ATIN: Mr. J. C. Barrett

Room 3D-1067, The Pentagon

Washington 25, D. C,.

Advanced Research Project Agency
ATIN: Dr. G. Mock

The Pentagon

Washington 25, D. C.

Commander

Armed Services Technical Information Agency
ATIN: TIPDR

Arlington Hall Station

Arlington 12, Virginia

Defense Metals Information Center
Battelle Memorial Institute
Columbus, Ohio

Solid Propellant Information Agency
Applied Physics Laboratory

The Johns Hopkins University

Silver Spring, Maryland

Department of the Army - Technical Services

Office Chief of Ordnance
ATIN: ORDIB-Materials
Department of the Army
Washington 25, D. C.

Commanding General

Aberdeen Proving Ground

ATIN: Dr. C. Pickett, C&CL
Aberdeen Proving Ground, Maryland

Comanding General

Ordnance Tank-Automotive Command
ATIN: Mr. S. Sobak, ORDMC-IF=-2
Detroit 9, Michigan

Command ing General

Ordnance Weapons Command
ATIN: Mr. B. Gerke, ORDOW-IA
Rock Island, Illinois

No., of Copies

10



DISTRIBUTION LIST
(Copies of All Reports -~ Cont'd)

No.

of Copies

Commanding General

U. S. Army Ballistic Missile Agency

ATIN: Dr. G. H. Reisig
Mr. P. B. Wallace, ORDAB-RPEM
Documentation & Technical Information Branch
ORDAB-IEE

Redstone Arsenal, Alabama

Commanding General
U. S. Army Rocket & Guided Missile Agency
ATIN: Mr. Robert Fink, ORDXR-RGS

Mr. W. H. Thomas, ORDXR-IQI
Redstone Arsenal, Alabama

Commanding Officer

Frankford Arsenal

ATIN: Dr. H. Gisser, ORDBA-1330
Mr. H. Markus, ORDBA-1320

Philadelphia 37, Pa.

Commanding Officer

Ordnance Materials Research Office
Watertown Arsenal

ATTIN: RPD

Watertown 72, Mass.

Commanding Officer

Picatinny Arsenal

ATTN: Mr. J. J. Scavuzzo, Plastics & Packaging Lab
Mr. D. Stein, ORDBB-DE3

Dover, N. J.

Commanding Officer
PLASTEC

Picatinny Arsenal
Dover, N. J.

Commanding Officer

Rock Island Arsenal

ATIN: Materials Section, Laboratory
Rock Itland, Illinois

Comnanding Officer

Springfield Armory

ATTN: Mr. R. Korytoski, Research Materials Lab
Springfield 1, Mass.

N =



DISTRIBUTION LIST
(Copies of All Reports - Cont'd)

Commanding Officer
Watertown Arsenal
ATIN: ORDBE-LX
Watertown 72, Mass.

Commanding Officer

Watervliet Arsenal

ATIN: Mr. F. Dashnaw, ORDBF-RR
Watervliet, New York

Headquarters

U. S. Army Signal R&D Laboratory
ATTN: Mr. H. H. Kedesky, SIGRA/SL-XE
Fort Monmouth, N. J.

Department of the Army - Other Army Agencies

Commander

Army Research Office
Arlingtin Hall Station
Arlington 12, Virginia

Chief of Research and Development

U. S. Army Research and Development Liaison Group
ATTN: Dr. B. Stein

APO 757, New York, N. Y.

Department of the Navy

Chief, Bureau of Naval Weapons
Department of the Navy

ATIN: RMMP

Room 2225, Munitions Building
Washington 25, D. C.

Department of the Navy
Office of Naval Research
ATTIN: Code 423
Washington 25, D. C.

Department of the Navy
Special Projects Office
ATIN: SP 271
Washington 25, D. C.

No. of Copies




DISTRIBUTION LIST
(Copies of All Reports - Cont'd)

No.

of Copies

Commander

U. S. Naval Ordnance Laboratory
ATIN: Code WM

White Oak, Silver Spring, Maryland

Commander

U. S. Naval Ordnance Test Station
ATIN: Technical Library Branch
China Lake, California

Commander

U. S. Naval Research Laboratory
ATIN: Mr. J. E. Srawley
Anacostia Station

Washington 25, D. C.

Department of the Air Force

U. S. Alr Force Directorate of Research & Development
ATTN: Lt Col J. B. Shipp, Jr.

Room 4D-313, The Pentagon

Washington 25, D. C.

Wright Air Development Division
ATIN: H. Zoeller, ASRCEE-1l
Wright-Patterson Air Force Base, Ohio

ARDC Flight Test Center
ATTN: Solid Systems Division, FTRSC
Edwards Air Force Base, California

AMC Aeronautical Systems Center

ATIN: Manufacturing & Materials Technology Div, LMBMO
Wright Patterson Air Force Base, Ohio

Other Government Agencies

National Aeronautics and Space Administration
ATIN: Mr. R. V. Rhode

Mr. G. C. Deutsch
Washington, D. C.

Dr. W. Lucas

George C. Marshall Space Flight Center
National Aeronautics and Space Administration
ATIN: M-S&M-M

Huntsville, Alabama

-



DISTRIBUTION LIST

(Copies of All Reports - Cont'd)

Dr. L. Jaffe

Jet Propulsion Laboratory
California Institute of Technology
4800 Oak Grove Drive

Pasadena, California

Mr. William A. Wilson

George C. Marshall Space Flight Center
ATTIN: M-F&AE-M

Huntsville, Alabama

Defense Contractors

Aerojet~-General Corporation
ATTN: Librarian

Post Office Box 1168
Sacramento, California

Aerojet-General Corporation
ATTN: Librarian

Mr. C. A. Fournier
Post Office Box 296
Azusa, California

Allison Division

General Motors Corporation
ATTN: Mr. D. K. Hanink
Indianapolis 6, Indiana

ARDE-Portland, Inc.
ATTN: Mr. R. Alper
100 Century Road
Paramus, N. J.

Atlantic Research Corporation
ATIN: Mr. E. A. Olcott
Shirley Highway and Edsall Road
Alexandria, virginia

Curtiss-Wright Corporation
Wright Aeronautical Division
ATTN: Mr. R. S. Shuris
Mr. A. M. Kettle, Technical Library
Wood-Ridge, N. J.

No. of Copies

—



DISTRIBUTLON LIST

(Copies of All Reports - Cont'd)

Hercules Powder Company

No. of Copies

Allegheny Ballistics Laboratory

ATIN: Dr. R. Steinberger

P. 0. Box 210
Cumberland, Maryland

Hughes Aircraft Company
ATIN: Librarian
Culver City, California

Tapco Group

ATTN: Mr. W. J. Piper
23555 Euclid Avenue
Cleveland 17, Ohio



%

SUPPLEMENTAL DISTRIBUTION LIST
(Case Matls & Fabrication)

No. of Coplies

A. Department of the Navy

Chief, Bureau of Naval Weapons

Department of the Navy

ATIN: Mr. P. Goodwin

Washington 25, D. C. 1

B. Department of the Air Force

Headquarters

Aeronautical Systems Division

ATIN: Dr. Tamborski, ASRCNP

Wright-Patterson Air Force Base, Ohio 1

Wright Air Development Division

ATTN: Mr. G. Peterson, ASRCNC-1
Wright-Patterson Air Force Base, Ohio 1

C. Defense Contractors

Allegheny Ludlum Steel Corporation

Research Center

ATTN: Mr. R. A. Lula

Brackenridge, Pa. 1

Alloyd Electronics Corporation

ATIN: Dr. S. S. White

35 Cambridge Parkway

Cambridge, Mass. 1

Armco Steel Corporation

General Offices

ATIN: Mr. J. Barnett

Middletown, Ohio |

Battelle Memorial Institute
ATTN: Mr. R. Monroe
Mr. G. Faulkner
505 King Avenue
Columbus 1, Ohio

-

The Boeing Company

Aero Space Division

P. 0. Box 3707

Seattle 24, Washington 1



SUPPLEMENTAL DISTRIBUTION LIST
(Case Matls & Fabrication - Cont'd)

No. of Copies

Borg-Warner Corporation

Ingersoll Kalamazoo Division

ATIN: Mr. L. E. Hershey

1810 N. Pitcher St.

Kalamazoo, Michigan 1

The Budd Company

Defense Division

ATIN: Mr. R. C. Dethloff 1
Mr. Ohman ‘ 1

Philadelphia 32, Pa.

Climax Molybdenum Company

ATIN: Mr. R. R. Freeman

1270 Avenue of the Americas

New York 20, New York 1

Douglas Aircraft Company Inc.

Santa Monica Division

ATIN: Mr. J. L. Waisman

Santa Monica, California 1

General Electric Company

Rocket Engine Section

Flight Propulsion Laboratory Department

Cincinnati 15, Ohio 1

Jones and Laughlin Steel Corporation

ATIN: Mr. H. Steinbrenner

45 South Montgomery Avenue

Youngstown 1, Ohio 1

Arthur D. Little, Inc.

ATTN: Dr. R. Davis

Acorn Park

Cambridge 40, Mass. 1

Lyon, Inc.
ATIN: Mr. W. Martin
13881 W. Chicago Boulevard

Detroit, Michigan 1

Manufacturing Laboratories

ATIN: Dr. P. Fopiano 1
Dr. V. Radcliffe 1

21-35 Erie Street
Cambridge 42, Mass.



SUPPLEMENTAL DISTRIBUTION LIST
(Case Matls & Fabrication - Cont'd)

Minneapolis-Honeywell Regulator Company
1230 Soldiers Field Road
Boston 35, Mass.

Norris-Thermador Corporation
ATTIN: Mr. L. Shiller

5215 South Boyle Avenue

Los Angeles 58, Californias

The Perkin-Elmer Corporation
ATIN: Mr. H. L. Sachs

Main Avenue

Norwalk, Connecticut

Pratt & Whitney Aircraft
ATIN: Mr. F. A. Crosby
East Hartford, Connecticut

Reactive Metals Corporation
ATIN: Mr. H. Lunderstrem
Niles, Ohio

Republic Steel Corporaticz
Research Center

ATIN: Mr. H. P. Manger
Independence, Ohio

Rohm & Haas Company

Redstone Arsenal Research Division
ATIN: Library

Huntsville, Alabama

Space Technology Laboratories, Inc.

ATIN: Technical Information Center Document Procurement

P. 0. Box 95001
Los Angeles 45, California

Thiokol Chemical Corporation
Utah Division
Brigham City, Utah

Titanium Metals Corporation
ATIN: Mr. G. Erbin

233 Broadway

New York, N.Y.

No. of Copies




SUPPLEMENTAL DISTRIBUTION LIST

(Case Matls & Fabrication - Cont'd)

Universal-Cyclops Steel Corp.
Stewart Street
Bridgeville, Pennsylvania

U. S. Borax Research Corp.
ATIN: Mr. R. J. Brotherton
412 Crescent Way

Anaheim, California

United States Rubber Company
Research Center

ATIN: Dr. E. J. Joss

Wayne, N. J.

Educational Institutions

Massachusetts Institute of Technology
ATIN: Prof. W. A. Backofen

Prof. M. C. Flemings
Cambridge, Massachusetts

Mellon Institute

ATIN: Dr. H. L. Anthony
Mr. C. J. Owen

4400 Fifth Avenue

Pittsburgh 13, Pa.

Michigan State University
ATIN: Mr. R. N. Hammer
Department of Chemistry
East Lansing, Michigan

Ohio State University
Research Foundation
ATIN: Dr. R. McMaster
Columbus, Ohio

No. of Copies

[

[



SUPPLEMENTAL DISTRIBUTION LIST

(Nozzle Matls & Fabrication)

Department of the Navy

Chief, Bureau of Naval Weapons
Department of the Navy

ATTN: RRMA-22

Washington 25, D. C.

Department of the Air Force

Wright Air Development Division
ATIN: WWRCNC-2
Wright Patterson Air Force Base, Ohio

Defense Contractors

Armour Research Foundation
ATIN: Dr. N. Parrikh

10 West 55th Street
Chicago 16, Illinois

AVCO Manufacturing Corporation

Research and Advanced Development Division

201 Lowell Street
Wilmington, Massachusetts

Beryllium Corporation
ATTN: Mr. W. H. Santschi
Reading, Pa.

Carborundum Company

Research and Development Division
ATIN: Mr. C. E. Schulze

Niagara Falls, New York

Clevite Corporation
Mechanical Research Division
ATIN: Mr. G. Davis

540 East 105th Street
Cleveland 8, Ohio

Fansteel Metallurgical Corporation
ATIN: Mr. A. B. Michael
North Chicago, Illinois

No. of Copies




SUPPLEMENTAL DISTRIBUTION LIST
(Nozzle Matls & Fabrication - Cont'd)

No. of Copies

General Electric Company

FPO Technical Information Center
P. 0. Box 196

Cincinnat{ 15, Ohio 1

High Temperature Materials, Inc.

Technical Library

31 Antwerp Street

Brighton, Mass. . 1

Hughes Tool Company

Aircraft Division

ATIN: Mr. H. Leggett

Culver City, California 1

Arthur D. Little, Inc.
ATTN: Dr. Flint
Acorn Park

Cambridge 40, Mass. 1

National Research Corporation

ATIN: Mr. M. Torti

70 Memorial Drive

Cambridge 42, Mass. 1

Nuclear Development Corporation of America
ATIN: Dr. Oppenheimer
White Plains, New York 1

Raytheon Manufactur ing Company
ATIN: Mr. S. D'Urso
Waltham 54, Mass. 1

Solar Aircraft Company
ATTN: Mr. N. B. Elsner
San Diego 12, California 1

United Aircraft Corporation
ATIN: M. Lubin Thoren Krass
The Library

400 Main Street
East Hartford 8, Comnecticut 1

Value Engineering Company
ATIN: Mr., J. Huminik
Alexandria, Virginia 1



%
o
%
%
%

SUPPLEMENTAL DISTRIBUTION LIST
(Nozzle Matls & Fabrication - Cont'd)

Westinghouse Electric Corporation
Materials Manufacturing Department
ATTN: Mr. James McClure
Blai{rsville, Pa.

!

Educational Institutions

Georgia Institute of Technology
Engineering Experiment Station
ATIN: Mr. J. D. Walton, Jr.
Ceramics Branch

Atlanta, Georgia

The Johns Hopkins University
Applied Physics Laboratory
ATIN: Dr. Avery

Silver Spring, Maryland

Massachusetts Institute of Technology
ATTN: Dr. J. Wulff
Cambridge, Mass.

No. of Copies




